BACKGROUND/OBJECTIVES: There is continued interest in the associations between diet and depression and several studies have focused on individual dietary factors or diet patterns to investigate the relationship. We investigated the association between fruit and vegetables and symptoms of depression in the mid-age cohort of the Australian Longitudinal Study on Women's Health. SUBJECTS/METHODS: A total of 6271 women with a mean age of 55.45 (1.45 s.d.) years were followed up at three surveys over 6 years. A score of ⩾ 10 on the Center for Epidemiological Studies Depression-10 scale indicated depressive symptoms. Fruit and vegetable intake was assessed using short questions. RESULTS: A total of 381 women (6.1%) were depressed at all three surveys over the 6-year survey period. Cross-sectional logistic regression analysis using general estimating equations showed a reduced odds of depressive symptoms (odds ratio (OR) 0.86 (95% confidence interval (CI) 0.79-0.95, P = 0.001)) among women who ate ⩾ 2 of fruit/day even after adjustment for several factors including smoking, alcohol, body mass index, physical activity, marital status, education, energy, fish intake and comorbidities. The predictive model also showed a reduced odds of depressive symptoms (OR 0.82 (95% CI 0.70-0.96, P = 0.012)) among women who ate ⩾ 2 pieces of fruit/day. There was also an association between vegetable intake and prevalence of depressive symptoms at higher levels of intake. CONCLUSIONS: Increasing fruit consumption may be one important factor for reducing both the prevalence and incidence of depressive symptoms in mid-age women.
INTRODUCTION
It is widely recognised that fruit and vegetables have numerous health benefits. Two meta-analyses of cohort studies showed that fruit and vegetable consumption is inversely associated with the risk of cardiovascular disease 1, 2 and another suggested that eating five serves of fruit and vegetables daily can protect against stroke. 3 Higher intake of green leafy vegetables is significantly associated with reduced incidence of type 2 diabetes 4 and recent evidence from the European Prospective Investigation into Cancer study has shown a modest effect of fruit on some cancers particularly mouth, oesophageal, bowel and lung cancer, 5 and vegetables on breast cancer. 6 A recent randomised controlled trial has demonstrated an effect of fruit and vegetables on the immune response in older adults. 7 The recent Global Burden of Disease Study has estimated that a diet low in fruit is the most prominent dietary risk factor for global disease burden, contributing to an estimated 4.9 million (95% CI 3.8-5.9) deaths and 4.2% (95% CI 3.3-5.0) of global disability-adjusted life years. 8 Recently there has been renewed interest in the possible role of dietary factors such as fruit and vegetables in preventing depression 9,10 particularly amongst women, as the burden of depression is estimated to be twice that of men. 11, 12 Depression affects 4350 million people worldwide and the most recent Global Burden of Disease Study has shown a 37.5% increase in unipolar depressive disorders since 1990. 8 It has been estimated that by the year 2030, depression will rank in the top three disorders responsible for global disease burden 13 making it a priority area for public health interventions.
Most studies which describe the association between diet and depression have been cross-sectional, limiting the ability to infer causation and ascertain the temporality of the association. In addition, dietary factors have been measured using different approaches including: measuring individual nutrients (such as omega-3 long chain PUFA), 14 measuring intake of particular foods or food groups (such vegetables) 15 and more recently by looking at dietary patterns (such as the Mediterranean diet pattern). [16] [17] [18] One of most convincing findings to date has been that the Mediterranean diet may protect against depression. 19 This association has been shown in cross-sectional and a limited number of longitudinal studies in a number of settings among children and adults. [16] [17] [18] [20] [21] [22] Our recent work has shown that consumption of a Mediterranean-style diet by middle-aged women may have a protective effect on the onset of depressive symptoms 3 years later. 19 However, it is not yet clear if there is a particular component of the Mediterranean diet, which may be responsible for this protective effect. It is possible that high fruit and vegetable intake, which is typical of the Mediterranean diet, may be one of the components in the diet contributing to the protective effect.
With increased focus on dietary patterns in studies of disease causation, fruit and vegetable intakes are almost always evaluated together while measuring associations with health. The primary purpose of this study is to extend our previous work 19 and to evaluate the differential effects of fruit and vegetables in relation to depression, as well as investigate the temporal sequence of the possible association in mid-age women participating in the Australian Longitudinal Study on Women's Health (ALSWH).
MATERIALS AND METHODS
ALSWH is a prospective cohort study that aims to examine the relationships between biological, psychological, social and lifestyle factors and women's physical health and emotional well-being. It includes follow-up of over 41 500 women, who were aged 18-23, 45-50 and 70-75 years at baseline in 1996. 23 This analysis focuses on data from the mid-age cohort (N = 13 716 at baseline) who were aged 45-50 years in 1996 and have been followed up with self-administered questionnaires six times, at 2-to 3-year intervals. The surveys include questions about social support, quality of life, demographics and health behaviours, life events, diagnoses, symptoms and health service use. 24 Further details about ALSWH are available on the study website (http://www.alswh.org.au). The study methods were approved by the Human Research Ethics Committees of the Universities of Newcastle and Queensland.
We used data from survey 4 in 2004, survey 5 in 2007 and survey 6 in 2010 for this analysis, as the dietary data were collected using the same questions for fruit and vegetable intake. The baseline survey (in 1996) had an estimated response rate of 53-56% and the respondents (n = 13 716) were found to be broadly representative of the Australian population. 25 The response rates for surveys 4, 5 and 6 were, 79.5% (n = 10 905), 77.6% (n = 10 638) and 73.0% (n = 10 009) of baseline, respectively.
Dietary data on fruit and vegetable intake were collected using the following short questions:
1. How many pieces of fruit do you usually eat per day? 2. How many serves of vegetables do you eat every day?
A serve of vegetables was equivalent to half a cup (75 g) of cooked vegetables or legumes, one cup of salad vegetables or one small potato. 26 Intake was categorised according to whether the women ate the recommended amounts of fruit (two or more pieces), and the recommended amounts of vegetables (at least five serves) per day using the Australian Dietary Guidelines. 26 In order to adjust for intakes of energy and specific nutrients we used data from a food frequency questionnaire which was used at survey 3, based on the previously validated Dietary Questionnaire for Epidemiological Studies Version 2 developed by the Cancer Council Victoria, Australia. 27 Total energy and nutrient intakes were calculated using NUTTAB 1995, which was the most complete Australian food composition database at the time of data collection. 28 For this study, data from the food frequency questionnaire were used to adjust for fish intake and energy intake. Because fish intake was measured in g/day and had a skewed distribution, women who ate no fish (that is, mean intake of 0 g/day) were compared with those who ate fish, for the purpose of analysis.
Depressive symptoms experienced during the week before the surveys were measured using the 10-item Center for Epidemiologic Studies Depression (CESD) scale. 29 This is a self-reported scale that has good testre-test reliability and predictive validity compared with the original 20-item version. [29] [30] [31] [32] Responses were reported using a four-point Likert scale ranging from 'rarely' (scored zero) to 'most of the time' (scored three). Possible scores range from 0 to 30 with higher scores indicating more depressive symptoms. A score of ⩾ 10 on the CESD scale was used to define depressive symptoms. 29, 30 The incidence of depression was defined by the presence of depressive symptoms at a particular survey and the absence of depression at the survey immediately before it. Prevalence of depression at any given survey was defined as presence of depression at that survey, irrespective of presence of depression at the preceding survey.
Sociodemographic factors
A number of sociodemographic factors were included in our modelling of the association between fruit and vegetable intake and depressive symptoms and most were collected at each survey. Marital status was coded into three categories: married; single; or divorced/separated/ widowed. Smoking status was categorised as never-smoked, ex-smoker, o10, 10-19 or ⩾ 20 cigarettes/day. Alcohol intake was categorised according to National Health and Medical Research Council criteria from 2001 33 (nondrinker, rarely drinks, low-risk drinker, risky drinker and highrisk drinker). Physical activity was divided into four categories (nil/ sedentary, low, moderate and high) as recommended using Australian physical activity guidelines and a previous validation study, 34 and body mass index (BMI) was calculated using self-reported height and weight (kg/m 2 ) and used as a continuous variable in the analysis. The highest level of educational attainment was asked once at baseline and coded in four categories: no formal qualification, lower secondary school, higher school or trade qualification and tertiary qualification (university degree).
Statistical analysis
The association between fruit and vegetable intake and prevalence of depressive symptoms over the three surveys was modelled using logistic regression with generalised estimating equations (GEE) to account for repeated measures. This analysis provides estimates of the average effects over all surveys accounting for within-women correlation at all three surveys. The explanatory variables were whether the women consumed the recommended amounts of fruit (two or more pieces/day) and vegetables (at least 5 serves/day). 26 Because so few women were eating the recommended amount of vegetables each day this was re-categorised to ⩽ 1 serve, 2-4 serves and ⩾ 5 serves/day. The GEE models were adjusted for total energy intake and fish intake measured using the food frequency questionnaire data from survey 3. Time dependant variables measured at each survey included physical activity, smoking, alcohol intake and marital status. Education, which was only available at one time, was also added in the GEE model. Age and gender were not included in the models because all participants were women aged 45-50 years at baseline. The analyses were repeated by replacing the prevalence of depression with the incidence of depression at surveys 5 and 6. That is, the intakes of fruit and vegetables at the prior surveys (surveys 4 and 5) were related to the incidence of depression at surveys 5 and 6. For both models the odds ratio (OR) and 95% confidence interval (CI) are reported. All analyses were performed using STATA 13. 35 
RESULTS
Data from 6271 women representing 59.0% (6271/10 629) of the total in the study at survey 4 were used in this analysis. These women had no missing data for all the major outcome variables and important covariates. Women who were not included in the analysis because of missing data (n = 4358) had lower educational attainment, were more likely to smoke, be sedentary and have a higher BMI and also more likely to have depressive symptoms than women included in the analysis ( Table 1 ). The flowchart showing the final sample analysed is shown in Figure 1 . A total of 381 (6.1%) women were classified as having chronic depressive symptoms (depressive symptoms at all three surveys), there were 4322 (68.9%) women who did not show symptoms of depression at any of the surveys and the remaining women had CESD scores ⩾ 10 at one or two of the surveys. Over time, the prevalence of depressive symptoms was fairly stable with 18.4% of women at survey 4, 17.0% at survey 5 and 16.5% of women at survey 6 having CESD scores ⩾ 10. Excluding the 1154 who had depressive symptoms at survey 4 there were 795 (12.7% of total) new cases of depressive symptoms during the 6-year follow-up period from survey 4 (2004) to survey 6 (2010).
The distribution of fruit and vegetable intakes at each survey are given in Table 2 . Over time, the prevalence of women eating the recommended amount of fruit increased slightly, with 60.9% at survey 4, 66.1% at survey 5 and 65.9% at survey 6 consuming two pieces of fruit or more per day. Few women ate five serves of vegetables, with 10.5% at survey 4, 11.4% at survey 5 and 11.4% at survey 6 consuming the recommended amounts each day. Only 2.7% of women (n = 168) ate the recommended five or more serves of vegetables at all surveys. Overall only 2.0% of women (n = 125) ate the recommended five serves of vegetables and two serves of fruit/day at all surveys. Table 3 shows the GEE analysis of cross-sectional associations between fruit and vegetable intake and depressive symptoms at each survey. Eating the recommended amount of fruit was consistently associated with a reduced odds of depressive symptoms at each survey even after adjustment. For vegetables the association was also statistically significant but only at higher levels of consumption. Other variables which were associated with the prevalence of depressive symptoms were lower educational attainment, being single, divorced, separated or widowed, smoking, high alcohol consumption, higher BMI, lower levels of physical activity and history of hypertension or heart disease.
Further longitudinal GEE modelling (Table 4 ) was performed to determine the effects of fruit and vegetable intake on the incidence of depression. This analysis showed that eating the 
Women completed survey 3 in 2001 n =10629
Missing dietary or CESD-10 data at survey 3 n =1042
Missing covariates or potential confounders at survey 3 n =1090
Final longitudinal sample for analysis n =6271
Women followed at survey 4 in 2004 n = 9094
Women followed at survey 6 in 2010 n = 6953
Women followed at survey 5 in 2007 n =7764
Missing dietary or CESD-10 data at survey 4 n =924
Missing dietary or CESD-10 data at survey 5 n =750
Missing dietary or CESD 10 data at survey 6 n =623
Missing covariates or potential confounders at survey 4 n =406
Missing covariates
or potential confounders at survey 5 n = 61
Missing covariates or potential confounders at survey 6 n = 59 recommended amount of fruit was associated with a reduced odds for depressive symptoms. There was no clear effect of eating the recommended amount of vegetables/day on incidence of depressive symptoms. Other variables which were associated with incidence of depressive symptoms were being single, divorced, separated or widowed, higher BMI and lower levels of physical activity.
DISCUSSION
Our analysis using the data from the ALSWH over a 6-year period has shown that lower fruit intake is associated with depressive symptoms in mid-age women. Fruit intake at the recommended two pieces/day seems to have a protective effect both on the prevalence and incidence of depressive symptoms. Vegetable intake was significantly associated with the prevalence of depressive symptoms at high levels of intake, although our analysis did not show a clear effect of vegetable intake on incidence. There seems to be a differential effect of fruit and vegetables, which may not be additive, with fruit intake being more important than vegetables for depressive symptoms. Similarly to our study, adherence to a diet with higher amounts of fruit and vegetables as well as nuts, dairy, fish and olive oil was associated with lower depression scores in pregnant women in the Rhea Cohort from Greece. 36 In a cross-sectional survey of Abbreviations: BMI, body mass index; GEE, generalised estimating equations; OR, odds ratio. a All are time dependant variables apart from education, fish intake and energy intake measured at survey 3. b Adjusted for education, marital status, BMI, physical activity, alcohol intake, fish and energy intake and comorbidities.
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French adults, those who did not consume fruit every day had higher prevalence of probable depression compared with those who consumed fruit daily (OR 1.49 (95% CI 1.26-1.76)). 37 Prospective data from the SUN cohort in Spain showed an inverse dose-response relationship for fruit and nuts (as a combined group) on clinical depression, with the highest quintile of fruit and nut intake having an OR of 0.61 compared with the lowest quintile of intake (P-value for trend = 0.0007). 16 Higher intake of legumes, but not other vegetables, also had an association with symptoms of depression. Similar to our study there was no observed association with fish intake. 16 A cross-sectional survey conducted among university students in three European countries found, that among female students depressive symptoms were associated with less frequent consumption of fruit, vegetables and meat. Female students who were stressed were also less likely to consume fruits and vegetables on a daily basis. 38 In the Whitehall II prospective cohort of mid-age women, a 'whole food' pattern, heavily loaded on vegetables, fruits and fish, had a protective effect on depressive symptoms over 5 years. 9 A more recent analysis of the Whitehall II data has shown that the Alternative Healthy Eating Index score was inversely associated with recurrent depressive symptoms with a possible doseresponse effect in women (OR = 0.59 (0.47-0.75) P o 0.001), but not in men. 39 Our previous work has shown consumption of a Mediterranean-style diet may have a protective effect on the onset of depressive symptoms over 3 years. 19 The longitudinal GAZEL study from France showed several dietary patterns (including a traditional pattern characterised by fruit and fish) were associated with a lower likelihood of depressive symptoms in women over 10 years. 40 Results of some studies, however, differ from ours. Results of a prospective population-based study of elderly (⩾65 years) men and women in Taiwan showed that consumption of vegetables more than three times a week was protective for depression over 4 years (OR = 0.4 (0.17-0.95) P = 0.039) and eating fruit more than three times a week was not protective. 15 Recent systematic reviews also have shown conflicting results. A systematic review which evaluated the association between diet quality, dietary patterns and depression in adults has found limited evidence to support an association between Mediterranean diet and depression and conflicting evidence for association between a healthy diet and depression. 17 Another systematic review and meta-analysis showed that a healthy diet pattern, also characterised by high intakes of fruit, vegetables, fish and whole grains was significantly associated with reduced odds of depression (OR = 0.84 (95% CI 0.76-0.92) P o0.001). 41 In both metaanalyses a large amount of heterogeneity was observed related to the differing measurement of both diet and depression and also to the different study designs of the studies included.
One of the problems while investigating the possible causal links between diet and depression is study design. It is well known that diet has an effect on mood, 42 and most studies that have examined the links have been cross-sectional. [43] [44] [45] This makes it difficult to determine whether depressive symptoms cause a poor diet, as depression could result in diminished interest in health and less receptivity to health messages, such as dietary recommendations 37 and also restrictive eating habits 44 (reverse causation). In our analysis we attempted to investigate the effects of reverse causation by excluding women who had a history of depressive symptoms at survey 4 and found a similar protective effect of fruit intake. However the issue of residual confounding may still remain.
There are a number of plausible mechanisms whereby higher fruit intake may reduce the risk of depressive symptoms. Some studies suggest that higher levels of antioxidants and antiinflammatory components in fruit such as carotenoids and flavenoids, which act on the endothelial cell signalling cascades, could be protective. 16 Resveratrol, another potent antioxidant, is present only in fruits and not in vegetables. 46 Others suggest that low levels of folate (vitamin B9), which is present in citrus fruits and berries, results in increased risk of depression owing to its effect on the availability of S-adenosylmethionine. This compound works to regulate the synthesis of serotonin, dopamine and melatonin and improve the formation of myelin and membrane phospholipids. 9, 47 The strengths of our study were the relatively large sample size, the prospective longitudinal study design and the use of the CESD scale designed to measure depressive symptoms, which has been validated and tested in various setting and populations. Limitations include the large loss to follow-up which may have introduced selection bias, as the women who were followed up were probably more health conscious and more motivated to participate. It was also evident that women who had missing data, and so were not included in the analysis, were different in terms of most of the sociodemographic variables that were studied. We expect that the differential dropout of women with depressive symptoms would bias the results towards the null. Therefore, had they stayed in the study, we would have observed a stronger relationship between fruit intake and depressive symptoms. Another limitation of our study was that detailed information about the diet (such as food frequency questionnaire) was only collected at survey 3, so if changes in diet occurred from survey 4 to 6 over the 6-year period, they could not be accounted for in the analysis. It is also difficult to generalise the results to men and other age groups, so further studies in these population groups are needed to confirm our findings.
Measuring dietary intake is fraught with difficulties, 3 there are many different measurement units and intake can be reported as g, servings (which differ between countries and studies), times per day or ordinal measures such as tertiles or quintiles. We used short questions to define serves of fruits and vegetables. Questionnaires provide only moderately accurate estimates of food intake and may be subject to measurement error and confounding. Interestingly, our prevalences of women meeting the guidelines for fruit intake are very similar to results obtained from the most recent Australian Health Survey in women in similar age groups. 48 Other possible confounding factors that are associated with depression, such as family history and use of illicit drugs, were not collected in this study.
In summary, the results of our analysis suggest that mid-age women who have the recommended intake of fruits are less likely to have and to develop depressive symptoms. There may also a reduction in the prevalence of depressive symptoms with higher intakes of vegetables, however we could find no significant effect on incidence. Our results also suggest that fruit and vegetables should be modelled separately and may have different effects on health outcomes. Overall the possible protective effects seen in this analysis are important on a population level, and if replicated in future studies, may form the basis of primary preventive strategies for reducing the burden of depression.
